Introduction
Autism spectrum disorders (ASDs) are marked by two areas of behavioral symptoms, namely, deficits in social communication and social interaction and restrictive, repetitive patterns of behavior, interests or activities, both of which need to occur during early development (American Psychiatric Association, 2013) . The number of children diagnosed with autism has increased significantly over the last two decades with no sign of approaching a steady rate (Hertz-Picciotto and Delwiche, 2009; Rice et al., 2010) . Despite an increase in prevalence, it appears that a high male-to-female ratio has remained fairly consistent (Principal Investigators of the Autism and Developmental Disabilities Monitoring Network, 2012; Rice et al., 2010) . A recent report from the Autism and Developmental Disabilities Monitoring Network (2012) showed that the prevalence of autism was 18.4 per 1000 among male children and 4.0 per 1000 among female children, indicating that males are approximately 4-5 times more likely than females to receive an ASD diagnosis. Such a male-tofemale ratio has been consistently reported in other population-based studies (Boyle et al., 2011; Fombonne, 2003 Fombonne, , 2005 Fombonne, , 2009 ).
As researchers explore the reasons for the sex difference in ASD prevalence, the number of studies dedicated to investigating differences in symptomatology and co-occurring conditions has subsequently increased. Several prior studies found that females with an ASD were more likely to have a lower IQ than males with ASD (Lord et al., 1982; Lord and Schopler, 1985) . Volkmar and Szatmari (1993) reported a similar discrepancy in IQ between the sexes and found no sex differences in co-occurring conditions after controlling for their IQ scores and suggest that sex differences could be confined to IQ. Several researchers have since conducted studies that test this theory by matching IQ scores between sexes or by limiting the range of IQ 2 Autism 0(0) scores in participants. These studies have also reported conflicting results. Mandy et al. (2011) included only children with an IQ over 70 who had received an autism diagnosis, often referred to as high-functioning children; for these participants, parents reported more repetitive stereotypical behaviors (RSBs), and teachers reported more hyperactivity and poorer pro-social behavior, in boys. Conversely, Holtmann et al. (2007) , who also limited their participant pool to children with autism whose IQ scores were 70 or higher, found no differences between sexes in any of the three core symptoms including RSBs. They also found that parents reported more problems with social withdrawal, social and attention problems with their daughters rather than with their sons in the study. Finally, Lai et al. (2011) , who also only included participants whose IQ score was in the average range or higher, found no differences in the childhood scores of communication, social interaction, or RSBs between males and females, but they did find that adult females had lower scores, and thus fewer problems with socio-communication and RSBs than their male counterparts. In summation, two of these three studies did find increased RSBs in males at some point during their lifetime; however, results differed regarding social behavior between males and females.
Other studies exploring sex differences in populations with autism did not restrict their participants to specific IQ ranges. Like many of the studies mentioned previously, two of these studies found a small but significant increase in the amount of stereotyped or ritualistic behavior exhibited by males with ASD when compared to girls with ASD (Sipes et al., 2011; Szatmari et al., 2012) . However, Hus et al. (2007) , who included 171 females with an ASD diagnosis in their study, did not yield any significant differences between sexes when comparing scores on several questions in the Autism Diagnostic Interview (ADI) that assessed the level of restricted behaviors. These studies further our understanding of the differences in behaviors observed in male and female children with an ASD diagnosis.
Another area of discrepancy regarding sex differences in children diagnosed with an ASD appears when looking at co-occurring conditions, including communication skills. McLennan et al. (1993) found differences that changed depending on the age of the participant. Females under 10 years of age scored higher than males on the communication subdomains of the ADI involving spontaneous makebelieve and social imitative play, while females over 10 years of age had fewer reciprocal social interactions than males of the same age and intellectual ability. Simonoff et al. (2008) also explored the prevalence of co-occurring psychiatric disorders in children with autism, and found no sex differences. It is important to note that some of these studies had a small sample size for female participants and therefore lacked sufficient statistical power, which may explain why findings change from study to study.
Finally, some researchers have analyzed symptoms of females who did not have a confirmed autism diagnosis but exhibited autistic behaviors. For instance, one study found that females without a formal diagnosis of autism were more likely to have autistic symptoms noted in their educational and medical records than males without a formal diagnosis of autism (Giarelli et al., 2010) . Additionally, the authors discovered that among children who had symptoms but no formal diagnosis, females were more likely to have seizures and staring spells, while males were more likely to be aggressive and hyperactive. The study suggested that cooccurring conditions may delay a diagnosis of autism in girls or cause an incomplete diagnosis because clinicians who are evaluating males may be more likely to consider autism in addition to other co-occurring diagnoses due to the high rate of autism in males, but when evaluating females they may be satisfied with diagnosing co-occurring conditions, like epilepsy, because the likelihood of autism in a female seems small. Other researchers have voiced similar concerns about a potential underdiagnosis of females with autism because the phenotype for females and males may be different; for example, Mandy et al. (2011) suggest that a lower rate of RSBs in females with autism may make it less likely for a clinician to diagnose girls with autism. Lai et al. (2011) also assert that the female phenotype for autism may differ from that of males, and this should be considered in the criteria for diagnosis.
Although many of the previous studies suggest that there are likely some differences between males and females with ASDs including a lower average IQ in females, and a higher rate of ritualized behavior in males, the results are inconclusive and several of the studies include a relatively small number of participants, particularly female children with an ASD diagnosis (Hartley and Sikora, 2009; Kopp and Gillberg, 2011) . The lack of sufficient sample size has been a major obstacle in exploring the clinical profile of ASD in females. Utilizing data from the National Survey of Children's Health (NSCH), a population-based study with a large US community representative sample, this study aims to examine sex differences in ASD co-occurring conditions among children aged 3-17 years with a current ASD diagnosis. Highlighting differences in past and present cooccurring diagnoses between the sexes may provide clinicians with insight as to how clinical presentations of autism differ in each sex. We hypothesized that there would be a difference in the type of co-occurring conditions diagnosed in females versus males.
More specifically, we anticipated differences between sexes mirroring differences in co-occurring conditions that exist in the non-ASD population, except for specific comorbidities that reflect differences repeatedly observed in children with an ASD diagnosis. We hypothesized that males would have a higher rate of conduct disorder and learning disabilities, as this trend is consistent in the non-ASD population (Boyle et al., 2011) and that females may have a higher rate of speech problem diagnoses as supported in recent findings. Several studies have suggested that females with an ASD diagnosis struggle more with communication than males (Carter et al., 2007; Hartley and Sikora, 2009 ). We therefore suspected that females may be at greater risk of problems with speech and language than males.
Methods

Data source
The 2007 NSCH was conducted between April 2007 and July 2008 through one-time random-digit-dial phone interviews. Households in the United States with at least one child under the age of 18 years were eligible to participate in the survey. Questions administered included the child's demographics, physical and mental health, health care needs and services, and parental and family health and behaviors. A total of 91,642 surveys were completed. Additional information on the administration and data collection of the NSCH dataset are described by Blumberg et al. (2012) .
Measures
Demographic characteristics of interest included child's age, race (black, multiracial and other single race, white), ethnicity (Hispanic, Non-Hispanic), mother's and father's education (less than high school, high school education, and greater than high school), federal poverty level of family income (below 200%, 201%-300%, and 300% or more), current health insurance coverage (uninsured or insured), consistency of health coverage during the past year (currently uninsured or periods without coverage, consistently insured), and whether or not the child was currently participating in an individualized education plan (IEP) (yes or no). Federal poverty levels were assigned based on the federal poverty guidelines published by the US Department of Health and Human Services in 2007. These poverty guidelines are derived from the poverty thresholds published by the Census Bureau annually and are determined by the annual household income, the number of people residing in the house, and the rate of inflation in the previous year.
A total of nine co-occurring conditions of ASD are included in this study: attention deficit hyperactivity disorder (ADHD), learning disability, 1 developmental delay, speech problem, anxiety, depression, behavioral/conduct problem, seizure/epilepsy, and hearing problem. Study questions asked, "Has a doctor or other health care provider ever told you that [CHILD] has [condition]?" for each cooccurring condition of interest. The question regarding speech problems asked, "Has a doctor or other health care provider had ever told you that [CHILD] had stuttering, stammering, or other speech problems." The timing and severity of each condition were reported as either having the condition (a) in the past, but no longer; (b) current, mild; (c) current, moderate/severe; and (d) does not have condition. It is important to highlight that, as we have just outlined, the data used for this study are parent-reported, and as a result when the term "diagnosis" is used throughout this article, it should be understood that we are referring to a "parent-reported diagnosis."
Study participants
The final dataset included 913 children (746 males and 167 females) reported having a current ASD diagnosis. This study focused on a "Yes" response to the question "Does [study child] currently have autism or ASD?" Participants who were missing the response to this question, refused, did not know, or responded "No," as well as any child reported under the age of 3 years, were not included in this study sample. By age 3, an ASD diagnosis is more likely to be clear and remain stable, which is why children under the age of 3 years were not included in this study sample (Landa, 2008; Wiggins et al., 2012) .
Statistical analysis
First, demographic differences between females and males with a current ASD diagnosis were explored through the use of weighted multinomial logistic regression models. Second, weighted multinomial logistic regression models were employed to determine the difference in odds between females and males (all with a current ASD diagnosis) receiving a diagnosis for each of the nine co-occurring conditions, which were broken down by severity (never, past only, current mild, and current moderate to severe), where never having the condition was used as the reference group. Both unadjusted and adjusted models were carried out with each calculating the odds ratio (OR) of a female presenting with a condition (be it past or current) compared to males. Child's race and mother's level of education were found to be confounders and were adjusted in multivariate multinomial logistic regression models. Analyses were performed using survey commands in STATA 10.1 (College Station, TX, USA) that utilized sampling weights in order to account for the complex sampling method of the NSCH. The use of sampling weights allows for generalization to the noninstitutionalized population of children diagnosed with ASD between the ages of 3 and 17 years across all 50 states and the District of Columbia and account for over 650,000 children diagnosed with a current ASD.
Results
Demographics of study sample
Female children in our study sample were found to have an average age of 10.82 ± 0.61 years, while males were found to have an average age of 9.71 ± 0.27 years. Both females and males were predominantly White and non-Hispanic. In contrast to males, 46.0% of females were reported to have Autism 0(0) family income below 200% of the federal poverty level, whereas only 31.2% of males were reported to be below 200% of the federal poverty level. For females, reported levels of mother's and father's education were evenly split between less than high school education, high school education, and greater than high school education. In males, however, both mother's and father's education were mostly reported to be greater than high school. The majority of females and males were insured and the majority of them remained consistently insured. Similar to males, the majority of females were reported having an IEP. Additional demographic characteristics are presented in Table 1 .
In the weighted sample, African American females were roughly three and a half times more likely to be diagnosed with autism than African American boys compared to the Caucasian population (OR = 3.49; 95% confidence interval (CI) = 1.12-10.89). Females with a current ASD diagnosis were also two and a half times more likely to have a mother with a lower level of education, high school or less, than males with a current ASD diagnosis (OR = 2.49; 95% CI = 1.19-5.20). Because child's race and mother's level of education were tested and found to be confounders, both variables were therefore included in the adjusted models to account for confounding effects. Table 2 shows the associations, unadjusted and adjusted, between child sex and ASD co-occurring conditions. In the unadjusted model, females with a current ASD diagnosis were almost four times more likely to be diagnosed with past speech problems (OR = 3.77; 95% CI = 1.36-10.46) but were much less likely to be diagnosed with a past anxiety disorder (OR = 0.20; 95% CI = 0.05-0.87), or a past learning disability (OR = 0.08; 95% CI = 0.01-0.48) when compared to their male counterparts. After adjusting for the child's race and the mother's level of education, females with a current ASD diagnosis remained more likely to present with past speech problems (OR = 7.85; 95% CI = 2.63-23.46) and less likely to present with a past learning disability (OR = 0.07; 95% CI = 0.01-0.47) when compared to males (Figure 1) . Furthermore, females with a current ASD diagnosis were also less likely to present with a current mild learning disability (OR = 0.18; 95% CI = 0.06-0.51) compared to males with a current ASD diagnosis (Figure 2) . Overall, females with a current ASD were also less likely to present with two or more co-occurring conditions compared to males with a current ASD (OR = 0.28; 95% CI = 0.08-0.97). Despite the differences found between females and males in this analysis, there were several co-occurring conditions, including epilepsy, ADHD, Figure 2 . Difference in the number of current, mild co-occurring conditions diagnosed in females compared to males after adjusting for race and mother's education.
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and behavior or conduct problem with no significant difference between the sexes.
Discussion
We intended to investigate sex differences in ASD cooccurring conditions and to explore whether differences exist in the type and number of co-occurring diagnoses made in females compared to males with a current ASD diagnosis. We found that males with a current ASD diagnosis were significantly more likely to have been diagnosed with a learning disability in the past and a mild learning disability in the present. These results are not surprising as there is evidence that males are almost twice as likely to have a current learning disability as females in the general population (Boyle et al., 2011) . Our findings suggest that males with an ASD diagnosis remain at increased risk of learning disabilities. According to the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV) (American Psychiatric Association, 2000) , learning disabilities must be differentiated from diagnoses of intellectual disabilities. Because females with an ASD are more likely to have a lower IQ score, many of them may result in being diagnosed with intellectual disability instead of a learning disability. Therefore, while we may expect to find that females with ASD have a higher rate of intellectual disability than males, we would expect to find that males have a higher rate of learning disabilities. We also found that females with a current ASD diagnosis were much more likely to be diagnosed with a speech problem, including stammering, stuttering, or other speech problems, in the past than were males. In fact, after adjusting for the child's race and maternal education, females were almost eight times more likely to have had a past diagnosis of a speech problem than males. This finding is particularly intriguing because research involving populations without an ASD diagnosis have reported opposite findings. While conducting research on the general US population using a different dataset, Boyle et al. (2011) found that males were much more likely to have a current diagnosis of stuttering or stammering than females. Kenney and Kogan (2011) also found that in the general population, parents reported significantly more male children aged 3-17 years having had difficulty "speaking, communicating, or being understood" than female children. We found that females who received an ASD diagnosis were more likely than males to have had received an initial diagnosis of speech problem and ultimately lost this diagnosis by the time they were formally diagnosed with ASD. Previous studies have also found that female children diagnosed with ASD have a higher rate of communication problems than male children with an ASD diagnosis (Carter et al., 2007; Hartley and Sikora, 2009) . Some have reported that children diagnosed with ASD at an older age often have a previous diagnosis of speech problems, for example Jonsdottir et al. (2011) found that among a group of 41 Icelandic children diagnosed with ASD after 6 years of age, 10 had also received a previous diagnosis of speech disorder. The article does not indicate how many of those 10 children were female, so it is difficult to determine whether there are gender differences in the number of females versus males who receive an initial speech disorder diagnosis before receiving an ASD diagnosis. However, Giarelli et al. (2010) found that females were typically diagnosed later than males and were often diagnosed with a cooccurring condition or a symptom of ASD prior to their ultimate ASD diagnosis. This finding offered one explanation for our results. Another explanation may be that clinicians and parents expect a higher level of verbal skill in females and are more likely to raise concerns about verbal ability in female children when problems exist at an early age than they are when males present such symptoms. It is important to note here that the question posed to parents about speech problems, that is, whether the child stutters, stammers, or has other speech problems, is open-ended. It is not clear what "other speech problems" parents may have considered when responding to this question, so we cannot be sure that the speech problems identified by the parents are typically related to ASD. The fact that no statistically significant difference is found between males and females in several ASD co-occurring conditions (such as epilepsy) may, in part, be due to smaller sample size which prevents enough statistical power to generate precise effect estimates. It is also possible that there is indeed no detectable difference between sexes in the studied population.
Finally, our results indicate that males with a current autism diagnosis were more likely to be diagnosed with two or more co-occurring conditions than females. Boyle et al. (2011) reported that males are more likely to be diagnosed with developmental disorders in general (i.e. a higher percentage of males were diagnosed with almost every developmental disorder included in the study than females). Our findings suggest that a male's risk of developmental disorders remains elevated within children with ASD, just as it is elevated within the general population.
Limitations
The dataset used for this study was based on parent-reported data, which have limitations, and our results should be interpreted within the framework of these limitations. First, it is possible that in clinical practice there are different sensitivities and specificities for coexisting conditions for each sex. Some coexisting conditions (e.g. anxiety and ADHD) look different in males and females. This could mean that clinicians are more likely to miss specific conditions in males compared to females, or vice versa. However, we were unable to quantify the extent to which a sex difference in co-occurring conditions was due to "true" difference or from the characteristics of clinical practice. Second, some diagnoses can be affected by the clinician's biases. For example, typically developing girls are often expected to have greater facility with speech than boys, so clinicians may be quicker to make a diagnosis for a girl who presents with a speech problem than a boy with a similar ability level. Third, parents of older children may have more difficulty articulating a child's early development, including past diagnoses due to recall biases. Fourth, the diagnoses reported in response to this survey were not validated by clinicians. Therefore, we do not know the level of training of the persons who diagnosed these children or the criteria used to make each diagnosis. These limitations notwithstanding, our study analyzed responses from a national population with a large sample size that offers a unique opportunity to investigate the proposed research questions, as female children with a current ASD diagnosis are typically underrepresented in related studies. Furthermore, the study sample represents a larger geographic diversity than previous studies, which makes the findings more generalizable to children with ASD in the United States.
Conclusion
This study found significant differences in the number and type of ASD co-occurring diagnoses made in females who had a current ASD diagnosis versus those made in males who had a current ASD diagnosis. Some of these differences parallel differences typically seen in the general population, but some of these differences, namely, the high rate of past speech problems reported for females with a current ASD diagnosis, were noteworthy because they do not occur in the general population. These differences may shed light on unique aspects of the ASD population and how this may affect diagnostic classification of ASD in males and females. The limitations of the data used for this study make it difficult to be certain of the reason for the differences found. However, the fact that these differences exist should encourage clinicians and parents to examine these diagnoses more closely to ensure that ASD diagnoses are not delayed. Future studies should consider a prospective design in order to determine the temporal relationship between ASD and their co-occurring diagnoses, and any changes in these diagnoses as children develop.
